In this article, electrically small, triple band, triple frequency X shaped patch antenna is presented. The proposed X shape patch antenna consists of five rectangular slots which produces dual band operation for Ku band applications and another one for K band applications. In order to achieve multiband operation from conventional rectangular slot, it is introduced three equilateral triangle slots in left, right and upper edge respectively, and two small triangular slots are protruding both sides of the feed line. By increasing the number of steps, the antenna's operating bandwidth, with return loss less than -10 dB, covers the frequency ranges from 15.104 GHz to 15.632 GHz, 17.336 to 17.912 GHz which is suitable for Ku band applications and 18.476 to 19.28 GHz which is suitable for K band applications. The proposed antenna has also achieved symmetric and almost steady radiation patterns and peak gains of 4.80 dBi, 6.42 dBi and 3.91dBi at these operating bands.
Introduction
Basically each antenna operates at a single frequency but with the rapid development of modern wireless communication system and their applications, wider bandwidth and multifrequency are required, where a different antenna for different applications. On the other hand, there is a great demand for wireless devices that are lightweight, small, attractive and multitasking. Currently, in radar and space satellite communication application, microstrip patch antennas have great demand due to their low profile, mechanical robustness, compatible with MMIC designs, relatively compact and light in weight and double frequency operation (Balanis, 2012) . They are easy and low-cost to manufacture and can be conformable in planar and non-planar planes. But, unfortunately they have some limitations and disadvantageous such as relatively low efficiency and low power, spurious feed radiation, narrow frequency bandwidth and relatively high level of cross polarization radiation (Garg, 2001) . To overcome these limitations and disadvantageous, researchers have been proposed and investigated many techniques such as slotted patch antennas, microstrip patch antennas on an electrically thick substrate, probe feed stack antenna and the use of various feeding and impedance matching techniques, the use of multiple resonators (Alam, Islam, & Misran, 2012; Azim, Islam, Mandeep, & Mobashsher, 2012; Chen & Yung, 2009; Habib Ullah & Islam, 2012; Islam, Mobashsher, & Misran, 2010; Samsuzzaman, Islam, & Mandeep, 2012; Samsuzzamana, Islamb, & Faruqueb, 2013; Shakib, Islam, & Misran, 2010; Tiang, Islam, Misran, & Mandeep, 2011) . In this paper, an effort is performed to design a triangular fractal antenna of effective radiation, intact size and multiband properties. It can be seen that greater demand is created by means of quick growth of wireless communications and electronics for wireless devices that can obey different rules at different standards. It also the paved the way for wide usage of mobile phones in modern society resulting in mounting concerns surrounding its harmful radiation (Faruque, Islam, & Misran, 2010 , 2012 . Presently, wider bandwidth is required for the increasing demand of modern wireless communication system applications. Generally each antenna performs its function at a single frequency, so different antennas require for different applications that will cause a restricted place and space problems. Considerable research effort has gone into the design of multiband antennas. A 41 mm × 14 mm slotted multiband antenna was designed which had three frequency bands centered at 0.9 GHz, 1.8 GHz and 5.2 GHz (Rao & Geyi, 2009) . A 38 mm × 3 mm planar multiband antenna was proposed for GPS, DCS, and WLAN applications (Eldewiny, Shams, & Allam, 2010 Figure 2 shows the effects of the no. of triangular slots in the conventional rectangular shape to five triangular slot patches. It is clearly said that the proposed antenna reflection coefficient is better than others. The proposed shaped which is shown in Figure 1 (b) and which is obtained by cutting five triangular slots in the conventional rectangular slots. In Figures 3, 4 and 5, here the authors have investigated the different values of L1, L2 and L3. From these figures, it could be easily observed that the L1 = 1. 5 mm, L2 = 3 mm and L3 = 1. 98 mm are the best parameter for good impedance bandwidth and reflection coefficient. 
Results and Discussions
The different characteristics of the proposed shape antenna are investigated and optimized by commercially available finite element based software HFSS. The VSWR and peak gain of the final shape are shown in Figure  6 and Figure 7 . In that Figure, the first fractional bandwidth is 6.03% from 15.104-15.632 GHz, the second one is 6.93 % from 17.336-17.912 GHz, and third one is 9.59% from 18. Vol. 7, No. 8; Figure 9 depicts the current distribution on the patch at resonance frequency 15.33 GHz, 17.61 GHz and 18.90 GHz. The direction of current is indicated by arrow sign. It is clearly observed from the current distribution display that the electric current strongly flows at the edge of the triangular slot, especially near the feeding probes of the patch. So, it can say that the slots dominate the antenna performance. Due to the triangular slot, the current flow is controlled which leads the lessening of the cross polarization level. At different parts of the patch, the current distribution is almost regular.
Conclusion
A new X shaped microstrip line feed patch antenna has been designed and presented in this work. The feeding technique, the adjusted slotted patch shape and the dimensions of the antenna is made it possible, to modify the acceptable reflection coefficient and characteristics of the radiation pattern in the expected frequency. The different parametric study, gain and radiation efficiency of the proposed antenna is also analyzed and discussed. For omnidirectional radiation pattern and high gain, the proposed triple band antenna can be a competitive solution for the current needs to be adopted with multi technology wireless devices in a Ku/K band (satellite and radar) applications compare to other available dual band multi frequency antennas.
